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1 
This invention pertains fo the control of in- 

ternal combustion engines of the spark ignition 
type, and relates more particularly fo. an auto- 
matic control system for aircraft engines which 
adjnsts and maintains the horsepower delivered 
by the engine ai a desired value by controlling 
the engine speed fo compensate for any changes 
in engine torque. The control system also ad- 
justs the engine throttle setting to maintain 
horsepower, engine speed and engine torque in I0 
any desired relationship. 
The present practice on long range fiight opera- 
tions is fo use cruising control charts which, for 
a particular fiight condition, give the engine op- 
erating settings which resutt in the highest over- 15 
all fiight economy, such as manifold pressure, en- 
gine speed and fuel fiow settings.. Each oï these 
factors may be considered as a function of horse- 
power, which is, ai the present rime, set by mani- 
fold pressure. The desired or optimum horse- 20 
power is. determined from the fiight conditions, 
such as load, distance to be travelled, altitude, etc. 
However, with the introduction of torquemeters 
as standard equipment on many of the current 
airplane engines, if is possible fo apply improved 25 
and simplified airplane controls. Maintaining 
the proper settings of horsepower and .engine 
speed by manual means is rime consuming and 
requires the constant attention of an operator, 
'as these settings change constantly with varying 30 
load and atmospheric conditions. 
Engine speed is determined by the horsepower 
required and the manifold pressure is governed 
by the setting of the engine thrott!e. It is gen- 
erally desirable, in order fo obtain maximum op-. 35 
erating efliciency, fo keep the engine speed as 
low as possible during long range, cruising fiights 
so that the engine throttle is substantially af 
maximum opening. In this position a minimum 
amount of energy is 1OSt in throttling of the in- 40 
take air supply fo the engine. The engine is op- 
erated with a wide open throttle Until increaing 
engine speed bas caused the manifold pressure fo 
be increased to a limiting value which is de- 
pendent upon the mechanical limitati0ns of the 45 
engine. As the engine speed continues fo 
crease airer the manifold pressure is af the ]imit- 
ing value, it. is necessary to adjust the engine 
throttle to control the manifold pressure. 
It is. therefore an object of this invention fo 50 
provide a control system foi automatically main- 
taining horsepowez delivered by the engine af a 
desired value by automatically controlling the 
speed of the engine. 
If is also an objec of this invention to provide 55 
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a control system for autonratically adjusting the 
horsepower delivered by the engine ai a desired 
value by automatically controlling the speed oï 
the engine and the throttle setting. 
If is also an objec oï the present invention fo 
provide an automatic power control system for 
aircraït engines that adjusts the engine speed fo 
compensate ïor changing atmospheric conditions, 
thus simplffying engine controls and control pro- 
cedure during flight and releasing the operator 
ïor other duties. 
If is a ïurther object oï this invention fo pro- 
vide an automatic power control for aircraït en- 
gines which, by simplifying and improving engine 
controls and control procedures during flights, 
improves the overall perïormance oï the engine 
and the economy of operations. 
These and other objects will appear ïrom the 
following description taken with reïerence fo the 
appended drawings wherein the figure is a sche- 
matic diagram illustrating the present system in 
combination with un aircraft power plant. 
While the present invention wfll be described 
and illustrated hereinbelow with regard to the 
use of means such as a reversible motor and 
speed controller switches, it will be understood 
that this invention is in no way limited to the use 
oï said means, but may comprise any combination 
of electrical, mechanical or hydraulic proportion- 
ing means capable of periodically actuating the 
speed controller in such a manner as fo maintain 
a desired horsepower-torque-engine speed bal- 
ance. 
The present aircraft power control system com- 
prises an engine 6S having a torquemeter $3, a 
propeller shaft 69, a propeller 8 provided with 
a propeller or engine speed controller 66, and a 
fuel-metering means  with a throttle setting 
lever 2 to adjnst manifold pressure. It is under- 
stood that the present system is equally well 
plicab]e with aircraft having propellers of a.dif- 
ferent type than that diagrammatically shown in 
the drawing, e. g. helicopters. The speed con- 
troller 66 may be of any type preferably such us a 
Hamilton Standard or Curtis Electric propeller 
and engine speed control!er as described in In- 
struction 1Vanual--Power Plant, B-24-D Air- 
plane, Consolidated Aircraft Corporation, having 
mechanim to reaulate the speed of the engine by 
adjusting the pitch of the propeller, The speed 
controller  is actuated by a reversible motor SS 
through links 62 and , arm , and torque- 
limiting clutch S fo effect a change in the speed 
of the engine SS and the propeller 8. At the 
saine time, the controller 'actuates a-rod  
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tached fo said speed controller ïor purposes fo 
be described hereinbelow. Thus the link or rod 
$ sef the reïerence speed oï speed setting oï the 
controller or propeller speed governing unit  
whfle rod  moves ih he sed eççin elemen 
oî he oernor. 
Açched ço  0 is  hndle 4, hich, in 
combinion içh orque-limiin Clch , per- 
mi the oçerat  override the control Ction 
of the present system and  dermine the set- 
ring of the engine speed controlled manually t 
such rimes when the present automatic .control 
is not desired for operational reasons. 
Reversible, intermittently operting mor 55 
reives i operating currentfrom a power source 
 by means of leads  and 8 and the fleld of 
said mor is connecd by leads  and 4 to 
stches  and . The close of switch  
star the mor operating in one direction, and 
the closure of swih 8 in the reverse direction. 
Shes I  an 8 are ttached to first and 
second branches, 8 and 9 respeCtively, of a ork  
ghaped end piece oI pil6t's horsepower contr6l 
bar 44 havLug attached there a handle 4,-a 
ointer 4 on a horsepower scale $3, and a cam 25 
4 wich  shaped  give the desired relation- 
.shlp btween mafold pressure and horsepower. 
OEn movable contact With cam 1 is wheel  at 
the end of bar 4 which actuates rod 48 through 
pivotàl plate 4 and an override clutch , thus 30 
effecting a change in throttle setting lever 2. 
so attach to rod 48 is handle , Which, in 
combination th the override clutch , permi 
the operar to override the control action of the 
present system and o determine the settLug of 35 
the throttle lever  at such rimes when the pres- 
ent aumatic control is not desired for opera- 
ionl reaso. 
d 9 is pivotally attached to cam 6 which 
in .turn is pivotal mod in frame 38 at- 40 
tached  the aircraft structure. Cam 26, which 
is actuad by rod $9, is in movable contact with 
Wheel-4 at the end of a bar member  of  
movable frame coisting of flrst, secon and 
third parallel bar members ,   and ., linked 5 
gether by a transverse yoke $ having a central 
pivot  4 -and Sl0tted ends   and  . Pins  9 and 
, 'attached to the flrst and third parallel bar 
members  and 2, are in slotted engagement 
at the ends of yoke $ in slo 5 and 6. 50 
Conct between wheel 4 and cam 2 is main- 
taLued by a spring 8 acting between part of air- 
craft structure and plate $ attached  the 'hird 
paralel member. garithmic cam  is so 
shaped that, When actuated, if imparts to pin 0 5 
a linear motion proportional  the logarithm 0ï 
the englue speed. 
Movement of pin  is translated to the trans- 
verse yoke  and the second or central parallel 
bar member   in pivotal contact with sald yoke 60 
on pivot 4. Cam  at the end of central bar 
member  is at all rimes in movable contact 
with swihes  and  due to compression 
springs  and . 
Linear motion, proportional  the logarithm oï 65 
the propeller rque of the aircraft enge, is im- 
parted  pin 9 attached  st parallel ruera- 
ber  when said member is actuated through 
wheel $ by logarithmic cam  which is aped 
 impart said motion. Cam 2 is rotatably 70 
munted on frame  attached  aircraft struc- 
ture and ïs pivotally actuated by a pisn rod 2 
attached thereto. e pisn rod $ is in turnat- 
tached  a pressure responsive piston 4, movable 
ast h tion of a spring  by a fld pres- 7.5 
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sure proportional fo the engine torque applied 
thereto through conduit 37 in communication be- 
tween the piston chamber 35 and torquemeter 33. 
which supplies said fluid pressure. 
5 In the above description of one embodiment of 
the present invention logarithmic cam 25 is actu- 
ated by a hydraulic piston assembly 32, 34, 35, 36 
 and 37 c0nnected to the .torquemeter 33 while 
logarithmic cam 26 is actuated by rod 39 con- 
10 nected to speed controller 66. Itis understood 
that logarithmic cam 25 may also be actuated by 
a rod similar to rod 39 which may be attached to 
the torquemeter, while a hydraulic piston as- 
sembly in communication between the speed con- 
15 "troller andlogarithmic cam 26 may actuate said 
cam 26. Or, both cams may be actuated by rods 
or both by hydraulic piston assemblies suitably 
attached to the torquemeter and speed controller. 
The operation of this aircraft power control 
2O system is based on the torque-horsepower rela- 
tionship: 

where 
Hhorsepower 
T:torque, lb. ft. 

N---englne speed, R. P. M. 
k:33,000 
The equation can be converted to an additive 
form such as: 
log H:log T-log N--log k 
The movements of post 9 and 2{} are ruade pro- 
portional to the logarithm of the torque and 
speed, respectively, by use of logarithmic cams 
25 and 26. Consequently, by means of the me- 
chanical 1Lukage, the movement of pivot  4 is pro- 
portional to the logarithm of the horsepower. 
The scale .63 can be calibrated directly in terres 
of horsepower. Sensitivity, speed of 0peration, 
etc., can be governed by the design of the system. 
The operation .of the present system is as f01- 
lows:  
(1) The system automatically keeps the air- 
craft power control in balance ai all rimes, espe- 
cially whfle cruisLug, and compensates for any 
changes in atmospheric conditions. If the air- 
craft travels from high temperature air to low 
temperature air, the englne torque would increase 
causLug a proportional increase in the horse- 
power. The system would automatically reduce 
the horsepower output to that shown on the 
horsepower scale by reducing the englue speed. 
Since the torque Lucreased, torquemeter 33 would 
supply, through conduit 37, to piston chamber 35, 
a fluid pressure proportional fo the increase in 
torque. The fluid pressure would move piston 34 
and piston rod 32 so that cam 25 would be actu- 
ated to change the position of pin 9, transverse 
yoke 13, central parallel member  and cam 5[}, 
attached thereto. Cam 5[} would move to close 
speed controller switch  8 which would Start mo- 
tor 55 so that linkage arms 6{}, 6 and 62 would 
reset englue speed controller 66 thereby decreas- 
LUg the engine speed. This decrease in englue 
speed would cause speed controller 66 to actuate 
rod 39 and logarithmic cam 26, connected there- 
to. Movement of cam 26 imparts to pin 20, at- 
tached to third parallel member 2, a 1Luear mo- 
 tion proportional to the logarithm of the englue 
speed which causes a change LU the position of 
pLU.26, transverse yoke 3, central parallel mem- 
ber   and cam 56, attached thereto. Thus cam 



6{} would open switch i$ fo stop motor 65 as said 
cam returned toits neutral position between open 
speed controller switches ! 7 and ! {}.. 
(2) Whenever the horsePower setting of the 
system is changed, for example, increased, the up- 
ward movement of the slidable bar member 
having cam 47 attached thereto, closes speed con- 
troller switch 17. The closing of switch 7 en- 
ergizes motor 66 to rotate, thereby moving the 
connecting arms 6{}, 6! and 62 and resetting the 
speed controller {}6. This increases the speed oï 
the engine 66, the fuel-air ratio being controlled 
by means, such for example, as an automatic 
carburetor. This increase in engine speed would 
cause speed controller 66 to actuate rod 39 and 
logarithmic cam 26, connected thereto. NIove- 
ment of cam 26 imparts to pin 2{}, attached fo 
third parallel member 2, a linear motion propor- 
tional fo the logarithm of the engine speed which 
causes a change in position of pin 2{}, transverse 
yoke 3, central parallel member ! ! and cam 
attached thereto, said change in position of cam 
60 acting to open speed controller switch 
Movement of bar member 44 simultaneously 
causes cam 47 fo actuate bar member 4, pivotal 
plate 42 and rod 4{} thus changing the setting of 
the engine throttle setting lever 72 which changes 
the torque of the engine 66. Pressure propor- 
tiona] to the engine torque is applied by torque- 
meter 33 through conduit 37 to piston chamber 
36 and piston 34 located therein, causing piston 
rod 32 to move attached cam 26. NIovement of 
]ogarithmic cam 26 imparts to pin 9, attached 
to flrst parallel member {}, a linear motion pro- 
portiona] to the ]ogarlthm of the engine torque. 
Movement of pin {} causes transverse yoke 3 fo 
pivot on pin 2{} thus changing the position of cen- 
tral paralle] member ! and cam 6{} attached 
thereto, so that a second force acts to open speed 
controller switch ! 7. 
When the system is in balance, for any horse- 
power setting, the forces applied to logarithmic 
cams 25 and 26 and thus translated to pins 9 and 
2{} ho]d cam 6{} of second para]le] member ! in 
a neutral position between speed controller 
switches 7 and $ which both remain open. 
Whenever the system gets out of balance, cam 5{} 
moves, closing switch 7 or $ thus starting the 
motor 66 in one direction or the other, which in- 
creases or decreases the speed of the engine 
until the system is again in balance. 
A]thouh cams 26 and 2{} bave been described 
as ]ogarithmic, if is obvious that they mav if 
necessary be given other desired shapes. Thus 
if the movement of ]inks 32 or 39 Is not linear 
with respect to speed or torque, then the shape 
of cams 26 or 26 should be modified accordingly, 
so as to impart to the members {} and 2 a mo- 
tion which is a logarithmic function of the torque 
and engine speed. 
I claire as my invention: 
1. In combination with a spark ignition type 
aircraft engine wherein the horsepower delivered 
to a variable pitch propeller is a function of the 
engine speed and the engine torque, a control sys- 
rem for adjusting and maintaining the operation 
of said engine at a predetermined horsepower, 
said system comprising torque measuring means 
connected to the shaft of said engine, speed con- 
troller means affixed fo said engine and propel]er 
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for regulating the speed of said engine by vary- 
ing the pitch of said propeller, reversible prime 
mover means, including an eiectric circuit, 
nected fo actuate said speed control means, link- 
» age means connecting said prime mover means 
and said speed controller means, horsepower 
lector means, air-metering means mounted on 
said engine, linkage means connecting said ai]'- 
metering means to the horsepower selector mean, 
  electrical switch means in the prime mover means 
circuit mounted or said horsepower selector 
means for selectively actuating said prime mover 
means in opposite directions, pivotally-mounted 
cam means, linkage means mounted in s!idinç 
  engagement with the surfaces of said cam means 
and in contact with said switch mea.ns and trans- 
mission means cónnecting said cam means to 
each of said torque measuring means and said 
speed controller means. 
,.«) 2. In combination with a spark ignition type 
aircraft engine wheïein the horsepower delivered 
to a variable pitch propeller is a function oï the 
engine speed and the engine torque, a control sys- 
tem for adjusting and maintaining tle operation 
25 of said engine af a predetermined horsepower, 
said system comprising torque measuring means 
connected to the shaft of said engine, speed con- 
troller means aflïxed to said engine and propeller 
for regu]ating the speed of said engine by vary- 
;;0 ing the pitch of said propellei, reversible prime 
mover means connected fo actuate said speed 
controller means, linkage means connecting said 
prime mover means and said speed controller 
means, horsepower selector means, electrical 
:.5 switch means mounted on one end of said horse- 
power selector means, said electrical switch means 
comprising two movable contacting members for 
selectively actuating said reversible prime mover 
means in opposite directions, air-metering means 
40 mounted on said engine, linkage means connect- 
ing said air-metering means to the horsepower 
selector means, and transmission means connect- 
ing the electrical switch means fo said torque 
measuring means and said speed controller means 
45 respectively, said transmission means comprising 
a pair of pivotally mounted logarithmic cams, 
linkage means having one end in sliding engage- 
ment with the surface of said cams and the other 
end in contact with af least one of said electrical 
50 switch means, one of said cams being actuated 
by said torque measuring means and the other 
cam being actuated by said speed controller 
means. 
FRANCIS G. BOLLO. 
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